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Evaluation of reduced dialysis frequency using nutritional therapy.
This study was carried out in seven patients being treated by intermit-
tent hemodialysis. Each had some residual renal function. In protocol 1,
when the patients were dialyzed weekly and the dietary protein intake
was 0.96 g/kg/day, the nitrogen balance corrected for changes in the
urea pool was positive during the days between dialysis; the serum urea
concentration (SUN) before dialysis was 109 7 mg/dl. In protocol 2,
when dietary protein was reduced to 0.4 g/kg/day and supplemented
with essential amino acids (10 g/day), the corrected nitrogen balance on
days between weekly dialyses was positive; the SUN before dialysis
was lower than it was in protocol I (—33 7 mg/dl, P < 0.01). The
nonurea space (body weight minus body water) increased in six of
seven patients during protocol 2. Two patients were then treated with
the dietary regimen of protocol 2 and dialyzed every 2 weeks. The
corrected nitrogen balance on nondialysis days was positive, and there
was a further increase in nonurea space. This study suggests that
dialysis frequency may be reduced in some patients with residual renal
function by means of nutritional therapy.
Evaluation d'une fréquence réduite de dialyse associée a une thérapeu-
tique nutritionnelle. L'évaluation d'une fréquence réduite de dialyse
utilisant une therapeutique nutritionnelle a été réalisée chez sept
malades traités par hemodialyse intermittente. Tous avaient une fonc-
tion rénale résiduelle. Dans le protocole 1, a une dialyse hebdomadaire
et pendant l'ingestion de 0,96 g/kg/jour de protéines le bilan d'azote,
corrigé pour les modifications du pool d'urée, a eté positif au cours des
jours separant deux dialyses et l'azote uréique du plasma avant dialyse
était de 109 7 mg/dl. Dans le protocole 2, quand l'apport protéique
alimentaire a été réduit a 0,4 g/kgljour et supplémenté avec 10 g d'acides
aminés essentiels, le bilan d'azote corrige a été positif pendant les jours
séparant deux dialyses et les valeurs de l'azote ureique du plasma ont
été inférieures a celles du protocole 1 (—33 7 mg/dl, P < 0,01).
L'espace non uréique (poids corporel en moms eau corporelle) a
augmenté chez six des sept malades au cours du protocole 2. Deux
malades ont alors été traités avec l'apport du protocole 2 et dialyses
toutes les deux semaines. Le bilan d'azote corrige a ete positif entre les
dialyses, et il y a une augmentation supplémentaire de I'espace non
uréique. Cette étude suggère que Ia frequence de Ia dialyse peut être
réduite chez quelques malades qui ont one fonction résiduelle au moyen
d'une thCrapeutique nutritionnelle.
Patients being treated by chronic hemodialysis require at
least 0.75 to 1.00 glkglday of protein, predominately of high
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biologic value, to maintain nitrogen balance [1—4]. This quantity
of ingested nitrogen, however, gives rise to the accumulation of
urea and other nitrogenous waste products that require removal
by dialysis. In hemodialysis patients with residual renal func-
tion, the frequency of dialysis could conceivably be decreased if
the quantity of ingested nitrogen was reduced to a level that did
not produce excessive waste nitrogen accumulation but was
sufficient to meet amino acid requirements. But reducing pro-
tein intake to 0.5 g/kg/day of high biologic quality results in
negative nitrogen balance in dialysis patients [3].
Essential amino acid supplements (EAA) have been shown to
improve nitrogen balance and nutritional indices of patients
treated by hemodialysis [5, 6]. These studies, however, did not
examine whether the improvement in nitrogen balance was
associated with an increase in tissue mass. In the present study,
we examined whether supplements of EAA given to patients
eating a low protein diet would permit maintenance of nitrogen
balance, reduce waste nitrogen accumulation, and allow less
frequent dialysis. Nonurea spaces (body weight minus urea
space) were also measured to estimate whether nitrogen bal-
ance was associated with a change in body tissue mass.
Methods
Five men and two women who had been treated by intermit-
tent hemodialysis for 2 to 6 months were studied. They were in
good general health, without intercurrent illness, and none had
diabetes mellitus, hepatitis, or other systemic disease. Each
patient had some residual renal function and sufficient urine
output so that interdialysis fluid accumulation and hypertension
were not major problems. Informed consent was obtained after
fully explaining the goals and risks of the experimental proto-
col.
All patients underwent protocols 1 and 2; for patients 1
through 6, protocol 1 preceded protocol 2. For patient 7,
protocol 2 preceded protocol 1. Protocols 1 and 2 were each of 6
to 8 weeks in duration.
During protocol 1, each patient was dialyzed once weekly
and ate a diet containing 0.96 0.12 g of protein/kg/day (65%
high biologic value) and 34.3 4.1 kcal/kg/day. During proto-
cot 2, the patients were dialyzed once weekly, but their dietary
protein was decreased to approximately 0.4 g/kg/day (40% high
biologic value), and they were given 10 g/day of encapsulated
essential amino acids (valine, 1.2 g; leucine, 1.65 g; isoleucine, 1
g; methionine, 1.65 g; phenylalanine, 1.65 g; threonine, 0.67 g;
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Table 1. Components of nitrogen balance during protocols I and 2
Waste
Nitrogen Urinary Fecal Nitrogen nitrogen
intake nitrogen nitrogen 1N°N N balanceb (6.25)
giday giday giday giday giday giday g/day
Patients 1 2 1 2 I 2 I 2 1 2 I 2 1 2
1 8.89 6.40 4.06 2.68 1.20 1.70 3.62 2.04 1.22 +0.50 +2.40 + 1.54 41.2 30.5
2 10.88 6.32 5.08 3.98 1.43 0.80 4.37 1.54 2.83 + 0.36 1.54 + 1.18 58.4 32.1
3 8.16 6.45 2.53 2.13 1.20 0.65 4.43 3.67 +2.68 + 1.88 1.75 + 1.79 40.2 29.3
4 12.22 6.42 3.69 2.26 2.00 1.22 6.53 2.94 +3.08 +0.87 +3.45 +2.07 48.8 27.3
5 10.00 6.40 4.81 3.56 1.39 0.80 3.82 2.04 1.70 + 0.85 2.12 + 1.19 49.5 32.7
6 7.73 5.23 0.93 1.14 0.44 0.66 6.35 3.43 +3.79 +2.50 +2.56 +0.93 32.7 27.8
7 11.20 6.49 0.84 0.64 1.17 0.90 9.20 4.95 +6.34 +4.09 +2.86 +0.86 53.4 38.4
a Abbreviations are: 'N°N, intake nitrogen minus output nitrogen; N. accumulation of urea nitrogen in body water.
b Nitrogen balance = intake of nitrogen minus output of nitrogen minus accumulation of urea nitrogen.
Waste nitrogen appearance (6.25) = (urinary nitrogen + fecal nitrogen) + (accumulation urea nitrogen + accumulation creatinine and uric acid
nitrogen in body fluids) x 6.25.
tryptophan, 0.33 g; lysine, 0.80 g; and histidine, 0.54 g), thus
decreasing the total nitrogen intake to 0.10 0.01 g/kg/d.
Caloric intake was maintained at the same level as protocol 1 by
giving patients supplements consisting of carbohydrate poly-
mers (Mor-Rex, Corn Products International, Englewood Cliffs,
New Jersey). All patients received 50mg of pyridoxine, 1 mg of
folic acid, and a B-vitamin complex tablet daily, sufficient
sodium bicarbonate to maintain the predialysis serum bicarbon-
ate above 18 m, and a constant dose of aluminum hydroxide
throughout the entire study.
Patients 1 and 4 completed the two additional protocols,
designated 3 and 4, each of 12 weeks' duration. During both of
these protocols, they were dialyzed every 2 weeks and contin-
ued the low protein diet and essential amino acid and carbohy-
drate supplements of protocol 2.
Beginning the day after a dialysis treatment in the final week
of protocols I to 3, data to calculate nitrogen balance and urea
appearance were collected on a metabolic ward over the next 5
to 7 days, as previously described [7]. After an additional 12
weeks, data for protocol 4 were collected during a 6-day period
prior to dialysis. On the last day of each balance period, plasma
was collected after an overnight fast to measure amino acid
concentrations on a Beckman 119 amino acid analyzer using a
lithium system [7].
Nitrogen balance was calculated as the difference between
nitrogen intake and the sum of urine nitrogen (UN), fecal
nitrogen (FN), and accumulation of urea nitrogen in body water
(zN). The standard error of the mean for the nitrogen balance in
each patient was estimated from the standard error, r_o, of the
daily differences between nitrogen intake and output, I-UN-FN,
and the standard error, o, of the daily accumulation of urea
nitrogen. Thus, the error of nitrogen balance measurement was
calculated as (Oi — + ci2)112 [7]. Cutaneous nitrogen losses
were not measured. Accumulation of urea nitrogen was calcu-
lated as previously described from the '4C-urea space, daily
measurements of body weight, and daily measurements of
serum urea nitrogen [8]. Urea appearance was calculated as the
algebraic sum of urinary urea nitrogen excretion and accumula-
tion of urea nitrogen in body water.
The nonurea space, NUS, was measured as the difference
between the urea space, determined by '4C-urea injection [81
and body weight on the day of injection. The sum of urinary and
fecal nitrogen plus the accumulated nitrogen contained in
creatinine, uric acid, and urea was calculated for each patient
and designated as "waste nitrogen appearance" or WNA.
When multiplied by 6.25, this value is the same as the protein
catabolic rate calculated by Borah et al [3]. The rates of
accumulation of creatinine and uric acid were calculated using
volumes of distribution of 49.1% of body wt [9] and one-half of
the urea space [10], respectively. Data are expressed as means
SEM.
All dialyses were carried out over 7-hour intervals, with 0.6-
m2 Kiil dialyzers and acetate-buffered dialysate containing 200
mg/dl glucose (Cobe Laboratories, Lakewood, Colorado). The
dialysate flow rate was 700 to 800 mI/mm, and the blood flow
rates ranged from 150 to 225 ml/min.
Results
The patients studied had an average age of 45 years; four had
glomerulonephritis, two had pyelonephritis, and one had poly-
cystic renal disease. The average urea clearance was 1.86
0.41 mI/mm, and the average GFR (estimated as the average of
the urea and creatinine clearances [11] was 3.43 0.98 ml/min).
Components of nitrogen balance measured during protocols 1
and 2 are shown in Table 1. As expected from previous reports
[1, 3], each patient was in positive nitrogen balance between
dialyses when they ate an average of 0.96 g/kg/day of protein.
They were also in positive nitrogen balance on nondialysis days
while they ate 0.4 g/kg/day of protein supplemented with
essential amino acids (protocol 2). In protocol 1, compared with
protocol 2, the average daily nitrogen balance of the seven
patients was significantly greater only on day 2 (+ 2.24 0.60
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Table 2. Components of urea appearance during protocols 1 and 2a
Nonurea Urinary urea
Wt space nitrogen LN Uurea Sun
kg kg giday g/day giday mg/dl
Patients 1 2 Before 1 2 1 2 1 2 1 2 1 2
1 55.8 58.5 25.3 28.3 3.27 1.99 +1.22 +0.50 4.49 2.49 77 49
2 83.5 86.2 44.2 45.9 4.09 3.63 +2.83 +0.36 6.92 3.99 120 65
3 59.9 60.8 28.7 29.5 2.01 1.35 +2.68 +1.88 4.69 3.23 104 92
4 56.0 58.4 23.9 24.8 2.60 1.33 +3.08 +0.87 5.68 2.20 124 64
5 81.2 75.5 39.0 35.1 3.72 2.51 +1.70 +0.85 5.42 3.36 95 60
6 48.3 49 20.8" 19.8 22.5 0.45 0.59 +3.79 +2.50 4.24 3.09 108 92
7 80 83.5 38.0" — 42.5 0.77 0.56 +6.34 +4.09 7.11 4.65 132 108
a Uura is urea nitrogen appearance (UUN + zN); SUN, serum urea nitrogen. Other abbreviations are defined in Table 1.
b For patients 6 and 7, the measurement was made also before the study.
glday, P < 0.05). The 5-day nitrogen balances of patients 4, 6,
and 7 were significantly more positive in protocol 1 than they
were in protocol 2.
The average rate of urea nitrogen accumulation was lower
when nitrogen intake was reduced during protocol 2 (change =
—1.51 0.31 g/day, P < 0.01, Table 2). The rate of urea
nitrogen appearance was also significantly lower (change =
—2.22 0.33 g/day, P < 0.005) during protocol 2 (Table 2).
Finally, the average of the protein equivalent of waste nitrogen
appearance (Table 2 [6.251), defined by Borah et al as the
protein catabolic rate 13], was significantly lower in protocol 2
(change —15.1 2.9 g/day, P < 0.005). The lower urea
nitrogen accumulation and appearance rates in protocol 2 were
reflected in the significantly lower predialysis SUN concentra-
tion in protocol 2 as compared with protocol 1, (change = —33
7 mgldl, P < 0.01, Table 2).
Body weight and nonurea space increased in patients 1 to 4,
6, and 7 during protocol 2 (Table 2). The nonurea space of
patients 6 and 7 was measured before they began the infrequent
dialysis regimens of protocols 1 and 2. This initial value for
patient 6 (20.8 kg) decreased to 19.8 kg after a 6-week period of
eating 0.96 g of protein/kg of body wt per day and being
dialyzed weekly even though her nitrogen balance measured
during a 6-day period between dialyses was positive (+ 2.56
0.28 glday). Following a 6-week period of the essential amino
acid supplemented diet and weekly dialysis, her nonurea space
increased to 22.5 kg, suggesting that the higher values observed
in the other subjects were not related solely to the passage of
time following initiation of dialysis therapy. The nonurea space
of patient 7 was 38.9 kg before beginning the weekly dialysis
protocols. He began with the essential amino acid supplements
(protocol 2), and after a 6-week period, his nonurea space had
increased to 42.5 kg. After his regimen was changed to the
higher protein intake of protocol 1, he began to develop
symptoms of uremia, and his study was discontinued before he
completed 6 weeks of protocol 1. Therefore, his nonurea space
was not remeasured in protocol 1; nitrogen balance and urea
appearance rate were measured during the week 3 of protocol 1
(Tables 1 and 2) using the value for nonurea space measured at
the end of protocol 2. PatientS had a decrease in nonurea space
from 39 to 35 kg during this period even though his nitrogen
balance measured in the hospital was not different from the
other patients. An explanation for the difference in his response
may be poor compliance, because he was an alcoholic and it
was found that he was not adhering to the dietary essential
amino acid regimen. Because his nonurea space decreased, the
average increase in nonurea space for the group was not
significant. But, without his results, the increase (+ 2.3 0.6;
P < 0.02) in nonurea space is significant.
Patients 1 and 4 each had chronic glomerulonephritis and
estimated GFR's of 5.4 and 2.2, respectively. They were also
studied during a 6-month period when they were dialyzed every
2 weeks (protocols 3 and 4). As shown in Table 3, nitrogen
balance was positive immediately after dialysis (protocol 3) and
just before dialysis (protocol 4). Both patients had a slight
increase in nonurea space (patient 1, 28.3 to 29.7 kg; patient 4,
24.8 to 25.6 kg) and body weight during these two protocols,
and the average circumference of their upper and lower extrem-
ities increased by 0.5 to 0.6 cm. Patient 4 had a SUN of 150
mg/dl the day prior to dialysis, suggesting that even with the
restricted nitrogen intake, bimonthly dialysis resulted in exces-
sive waste nitrogen accumulation. But with weekly dialysis,
restricted protein intake and essential amino acid supplements,
his predialysis SUN had been 64 mg/dl (protocol 2).
The concentrations of amino acids in plasma measured in
patients 1 through 5 after an overnight fast did not significantly
change during protocols 1 through 4. The plasma concentra-
tions of threonine, proline, glycine, citrulline, arginine, and
both 1- and 3-methyl-histidine were similar to values reported
by Ganda et al [12] and higher than those of normal nonuremic
subjects. In addition, the plasma concentration ratios of gly-
cine-to-serine and tyrosine-to-phenylalanine did not differ from
those reported by these investigators [12]. But, the micromolar
plasma concentrations of alanine (409 28), isoleucine (54
7), leucine (79 9), phenylalanine (50 7), lysine (153 14),
and histidine (96 5) were slightly but significantly higher than
Reduction of dialysis frequency 125
Table 3. Components of nitrogen balance during protocols 3 and 4a
Nitrogen Urinary Fecal
intake nitrogen nitrogen 1N°N N Nitrogen balance SUN
g/day giday glday giday giday giday mgldl
Patients 3 4 3 4 3 4 3 4 3 4 3 4 3 4
1 6.36 6.25 1.66 2.99 1.23 1.08 3.47 2.19 +1.10 +0.31 +2.37 +1.88 72 83
4 6.36 6.52 2.54 3.26 0.60 1.36 3.21 1.90 +0.63 +0.09 +2.58 +1.81 98 150
SUN is serum area nitrogen. Other abbreviations are defined in Table 1.
those reported in their study of anephric dialysis patients eating
1.1 to 1.6 g of protein/kg/day.
During protocols 1 and 2, average predialysis serum potassi-
um (4.5 0.2 mEq/liter), albumin (4.3 0.1 gIdl), transferrin
(326 30 mg!dl), cholesterol (203 56 mg/dl), and triglycer-
ides (163 20 mg/dl) remained within the normal range. Aver-
age serum phosphorus concentrations (5.2 0.4 mg!dl; proto-
col 1) fell significantly by 0.8 0.3 mg/dl (P < 0.05) during
protocol 2, whereas serum calcium remained unchanged (8.9
0.4 mg/dl). No change was observed in predialysis serum
bicarbonate (19.3 1.0mM), serum uric acid (8.1 0.6 mgldl)
or the hematocrit (23 1%) during protocols 1 and 2. There
were no significant changes in the serum chemistry and hemato-
crit values of patients 1 and 4 during protocols 3 and 4.
Nerve conduction times were unchanged in protocols 2
through 4, as compared with protocol 1. Five of the seven
patients worked at their usual jobs during the entire study.
Patient 5 worked sporadically as a car mechanic. All seven
patients felt well, and only patient 7 developed uremic symp-
toms when he ate the higher protein diet (see above). Compli-
ance with the low protein diet was excellent, with the exception
of patient 5. The patients were pleased with the program of
reduced dialysis frequency.
Discussion
Previous studies have demonstrated that supplements of
essential amino acids administered to chronic hemodialysis
patients can improve nitrogen balance and indices of protein
nutrition, namely, serum albumin, transferrin, and complement
concentrations [5, 6]. Dyck et al [13] and Kopple, Coburn, and
Rubini [21 have reported that once weekly dialysis does not
result in uremic toxicity in patients with minimal residual renal
function. In other studies of the effect of lowering dialysis
frequency, Cotton et al found that resting muscle membrane
potential, a putative index of dialysis adequacy, was lower
when hemodialysis frequency was reduced [141. Restoration of
muscle transmembrane potential was accomplished either by
increasing dialysis frequency or by instituting dietary therapy
consisting of a low protein diet and essential amino acid
supplements without increasing dialysis frequency [14, 15].
Last, it has been shown that there is no deterioration of
peripheral nerve function in anephric patients dialyzed weekly
[2, 131. These findings provided a firm basis for the present
study.
During this study, ingestion of a low protein diet and essential
amino acid supplements improved several parameters used to
measure protein nutrition. In all patients, there was a decline in
predialysis urea nitrogen appearance, which was reflected in
lower SUN concentrations, occurring together with mainte-
nance of normal serum protein values during nutritional thera-
py. In six patients, an increase in nonurea space was observed,
and in all patients the corrected nitrogen balance on days
between dialyses was positive. Nonurea space continued to
increase, and interdialysis nitrogen balance remained positive
in two patients dialyzed bimonthly over a 6-month interval. The
increase in nonurea space and body weight in six patients
suggests that the positive interdialysis nitrogen balance was
associated with a net increase in lean body mass. Uremic
symptoms were observed only once in protocol 1 (patient 7) but
not in protocols 2, 3, or 4. Nerve conduction velocity remained
normal, although the study period may have been too short to
document changes in the function; five of seven patients
worked at their usual occupation. Dietary compliance, with the
exception of patient 5, was excellent.
Nitrogen balance of patients being treated by hemodialysis is
influenced by several factors, including the quantity of protein
eaten, the rate of accumulation of waste nitrogen in body fluids,
and the quantity of potentially utilizable and nonutilizable
nitrogen removed by the dialyzer. On nondialysis as well as
dialysis days, nitrogen balance becomes negative when protein
intake is approximately 0.5 g/kg/day, as shown by Borah et al
[3]. In the present study of patients with some residual renal
function being dialyzed weekly or biweekly, we found that
nitrogen balance was positive on nondialysis days (presumably
it was negative on dialysis days) if a low protein intake was
supplemented by essential amino acid capsules. When protein
intake was approximately I g/kg/day, interdialysis balance was
positive, as others have documented [1, 31, but as expected,
there was a large increase in the urea pool. In healthy individ-
uals, a positive nitrogen balance equates with an increase in
tissue mass. This may not be so in uremic individuals. In these
patients, the positive nitrogen balance measured between he-
modialysis treatments may reflect a net increase in lean tissue
mass as it appeared to do during protocol 2 of this study, or it
may simply reflect repletion of amino acids lost in the dialysate,
or repletion of protein losses related to any catabolic stress
associated with dialysis. The losses of amino acids into the
dialysis bath during hemodialysis are substantial and lead to a
decrease in whole blood alpha amino nitrogen [12, 16]. Ganda et
al recently detailed the changes in plasma, red cell, and whole
blood amino acids during dialysis and reported a 30 to 40%
decrease in whole blood alpha amino nitrogen, as well as
alterations in individual amino acid concentrations (noted previ-
ously) [121. Presumably, the restoration of these amino acid
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losses accounted for part of the positive nitrogen balance that
we observed during days between dialysis. That amino acid
pools were repleted between hemodialysis treatments is sug-
gested by maintenance of normal indices of protein nutrition
(albumin and transferrin concentrations) throughout the study.
The frequency of dialysis necessary for achieving optimal
control of uremia in patients with end-stage renal disease
remains undefined. It has been suggested that evidence for
inadequate dialysis includes the findings of a mean predialysis
SUN greater than 100 mg/dl, metabolic acidosis, hyperkalemia,
loss of muscle mass, advancing peripheral neuropathy, and a
decrease in resting muscle membrane potential [14, 171. A
thrice weekly dialysis program has been advocated as a means
of averting uremia [18], but recent investigations have shown
that the substantial amino acid and nitrogen losses occurring
during hemodialysis, and possibly dialysis itself, have a catabol-
ic effect [2, 3, 12, 16, 191. This may in part explain why an intake
of at least 0.75 to 1.0 g of protein/kg of body wt per day of high
biologic value is required to maintain protein nutrition in
hemodialysis patients [1—4]. But, ingestion of this quantity of
protein necessitates frequent dialysis to prevent excessive
accumulation of waste nitrogen. Although a low protein diet
may improve uremic symptoms and decrease the accumulation
of waste nitrogen in chronic uremia, the diet must provide
sufficient essential amino acids for protein nutrition. In this
regard, it has been shown that ingestion of 0.5 g of high quality
protein/kg/day leads to negative nitrogen balance in dialysis
patients [3]. Furthermore, a diet limited to small quantities of
high quality protein is sufficiently restrictive so that compliance
may become a problem [21. Dietary protein in the present study
was restricted in quantity, but less so in quality, thus permitting
more choice in foods eaten. This factor undoubtedly contribut-
ed to the ability of the patients to adhere to the program.
Although we were able to demonstrate clinical improvement
in six of seven of our patients, similar results may not be
obtained in other subjects. Nevertheless, we believe that evalu-
ation of the effects of nutritional therapy in allowing reduction
of dialysis frequency in a larger group of patients is warranted.
Demonstration of the safety and clinical efficacy of this type of
therapy might permit reduction of dialysis costs [20] for certain
patients.
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